A review of 126 cases of coarctation of the aorta confirms the need for surgical resection in infants with intractable congestive cardiac failure. The high association with additional cardiovascular abnormalities in patients presenting in early infancy contributes significantly to the mortality. Patients with large ventricular septal defects and coarctation of the aorta are at risk and may require pulmonary artery banding at the time of resection of the aortic coarctation. Long-term complications include restenosis (18 cases) and persistent hypertension (10 cases). In order to prevent persistent hypertension, it is suggested that elective resection of the coarctation be done at 1 year of age.
Patients
The purpose of this paper is to analyse our experience with 126 patients, including 61 infants, treated surgically for coarctation of the aorta between April 1961 and October 1972. Patients with hypoplastic left heart syndrome, where the aortic coarctation played a minor role in haemodynamics, have been excluded. The age at which the condition presented ranged from 6 days to 14 years ( Fig.  1 ). Sixty-one cases less than 1 year old will be considered separately from older children.
GROUP 1: 61 INFANTS There were 34 boys and 27 girls; 79 per cent were less than 6 weeks old at the time of operation, and all were extremely ill with signs of congestive cardiac failure (Table 1) . Most infants required feeding by an indwelling intragastric tube. Absent or diminished femoral pulses and a non-specific cardiac murmur were the most consistent signs. Cyanosis was observed in 42 per cent but differential cyanosis was not a reliable sign of preductal coarctation.
Electrocardiogram showed right ventricular hypertrophy in 62 per cent of infants ( Treatment with digoxin, frusemide, and oxygen was given to all the patients for at least 24 to 48 hours before considering operation, without which survival seemed extremely unlikely.
Operation A left lateral thoracotomy was performed in the third or fourth intercostal spaces. Cross-clamping of the aorta was required for 8 to 20 minutes. The coarcted segment was resected, and a persistent ductus ligated when present. End-to-end anastomosis was possible in most cases (Table 4 ). Continuous suture (5/0 or 6/0 silk) was used in 27 patients, while in the remainder interrupted silk was used. A pericardial graft was inserted in 4 patients with aortic arch hypoplasia and the left subclavian artery was split longitudinally to facilitate end-to-end anastomosis in 5 cases.
Pulmonary artery constriction was necessary in patients with ventricular septal defect (6 cases), transposition of great arteries (2 cases), and Taussig-Bing complex (2 cases). This procedure was performed after resection of the coarctation of the aorta. Four other patients with ventricular septal defects did not improve and required pulmonary artery constriction subsequently.
Coarctation was classified in relation to ductus arteriosus or ligamentum arteriosum according to the surgeon's sketch of his operative findings. Most of the infants had coarctation at or above the ductus or ligamentum arteriosum (Table 5) .
During the postoperative period there was an immediate improvement in 40 patients (66%). Nineteen patients, however, did not improve and required digoxin and frusemide. Prolonged ventilation was necessary in 8 patients-A of whom required tracheostomy.
Femoral arterial pulses were palpable after the operation in all patients and there was no doubt in the surgeon's mind that an adequate anastomosis was performed. In 2 patients within 48 hours of operation, however, congestive cardiac failure persisted and the femoral pulses were absent: coarctation had recurred and a second resection was required. Histological examination of the resected segment showed damage to the internal layer with clotting over the suture line.
The postoperative complications are listed in Table 6 . Restenosis of the aorta was the commonest complication. This occurred over a variable period from 2 days to 4 years and will be discussed later. Pulmonary complications were the result of major atelectasis or pneumonia. Persistent (paradoxical) hypertension occurred in 12 infants. Renal failure occurred in 6 patients-all of whom were extremely ill before operation.
Results
There were 12 hospital deaths ( Fig. 1 ). All these cases had associated cardiovascular anomalies (Table 3) . Ventricular fibrillation was responsible for 3 deaths-.2 during operation and 1 three weeks after resection of coarctation of the aorta. A patient with associated severe aortic stenosis remained in congestive cardiac failure and died 4 weeks later after aortic valvotomy. Renal failure contributed to 4 deaths. Endocardial fibroelastosis was present in 3 instances at necropsy. There were 3 late deaths in this group (Table 7) . A patient with pulmonary artery constriction died of haemorrhage caused by rupture of a pulmonary artery aneurysm, as a result of the band cutting through. This case has been described previously (Patel et al., 1973) . Two other late deaths occurred in patients with recurrence of coarctation of the aorta, 1 as a result of pneumonia after successful resection of the recoarctation and another as a result of gastroenteritis.
GROUP 2: 65 OLDER CHILDREN Sixty-five children (30 boys and 35 girls) from 1 to 14 years of age underwent resection of the coarctation of the aorta (Fig. 1) . Only 7 patients were in con- The nature of coarctation of the aorta in relation to the ligamentum or ductus arteriosus has been set out in Table 5 . Though most cases were at or below the ligamentum or ductus, there were 4 cases with preductal and 5 patients with preligamental coarctation.
Persistent ductus was present in 21 patients. Ventricular septal defect and aortic stenosis were the other common associated cardiac lesions ( (Table 7) .
Forty infants and 58 children who survived operation have been followed up for 3 to 11 years (mean 6-4 years). Physical growth has been satisfactory even in the patients with restenosis of the aorta. Electrocardiogram and chest radiographs have returned to normal in all except 12 patients. Two survivors with endocardial fibroelastosis have cardiomegaly and left ventricular strain. Aortic valvotomy has been performed in 4 patients from Out of 14 'infant' survivors with ventricular septal defects, there has been spontaneous closure of the defect in 4, including 1 with pulmonary artery banding. Three other patients with pulmonary artery constriction have now had successful removal of the band and closure of ventricular septal defect. Four patients have had closure of the ventricular septal defect.
Recoarctation occurred in 2 infants within 1 week of operation and between 2 months and 7 years after operation in 16 other infants and children. Recoarctation was more commonly seen in patients with preductal coarctation operated on before the age of 6 weeks (Table 8 ). There were only 3 cases of restenosis among the children operated upon after the age of 1 year and prosthetic grafts were used in 2 ofthem ( Table 9) .
Evidence of recoarctation was provided by cardiac catheterisation in 12 patients from group 1 and 3 patients from group 2. The systolic gradient across the coarctation was measured. The aortic diameter at the level of the coarctation and that at the level of diaphragm was measured and expressed as a ratio. The systolic gradient is plotted against the aortic ratio in Fig. 2 . Significant narrowing of the aortic lumen occurred when the ratio was less than 0 5. This occurs more commonly when the gradient is more than 40 mmHg (Fig. 2) . Seven patients have subsequently undergone resection of the recoarctation.
Blood pressure measurements were made several years after the initial operation and the results are shown in Fig. 3 and 4 . Only the mean of 3 recordings has been plotted. Though patients with recoarctation were generally hypertensive, there are 2 patients from the infant group and 8 patients from group 2 who are hypertensive without any evidence of recoarctation. Their renal function is normal and 6 have raised plasma renin levels. Persistence of hypertension seems to be more common when patients are operated upon at an older age (Fig. 4 ).
Discussion
Our clinical material confirms that coarctation of the aorta, presenting with refractory congestive cardiac failure during early infancy, usually has a wide spectrum of associated cardiovascular anomalies. Sinha et al. (1969) did not have any survivors in this group with medical management alone. By contrast with surgical treatment there was a 78 per cent survival rate. Recently, Chang and Burrington (1972) and Kilman et al. (1972) have also reported a higher success rate with surgical management. Litwin et al. (1971) reported a higher incidence of pulmonary hypertension, observed during cardiac catheterisation, among their patients who died after operation for coarctation of the aorta. In our experience, there is usually a dramatic improvement after operation, and in most of our survivors congestive heart failure has disappeared within 24 to 48 hours.
Patients with ventricular septal defects and coarctation of the aorta present a dilemma-whether pulmonary artery constriction should be performed at the initial operation. It has been our practice to resect the coarctation before banding the pulmonary artery. We feel that after aortic resection, the left-to-right intracardiac shunt is often reduced and, in some cases, pulmonary artery constriction may not then be necessary. Out of 22 patients with ventricular septal defects, 10 required pulmonary artery banding at the time of resection of the coarctation and a further 4 patients required pulmonary artery constriction later. This additional Systolic blood pressure in relation to age in children after operation for coarctation of the aorta. Continuous line represents the average systolic blood pressure and the stippled lines the standard deviation in normal children (Nadas and Fyler, 1972 There have been several reports regarding the growth of the anastomosis in children. Moss et al. (1959) (Cerilli and Lauridsen, 1965) . Hence, the failure of the anastomosis to grow cannot account for all cases of recoarctation.
The use of continuous suture of the anastomosis has been suggested to be responsible for recoarctation, but we have used both continuous and interrupted stitches and have not found any significant difference in the development of restenosis (Table  9) . Khoury and Hawes (1968) reported on the histological findings in cases of recoarctation. They observed distinct thickening of intima and hypertrophy of the media with disruption of the internal elastic lamina. We have also noted similar findings in 4 of our cases. These changes are similar to those responsible for intimal thickening and medial spur described by Edwards et al. (1948) . It seems likely that, at the time of resection of the coarctation, some tissue with an inherent tendency to contract is left behind and this may be responsible for recoarctation in some cases. Berry and Tawes (1970) examined the resected surgical specimens and suggested that an abnormal accumulation of mucopolysaccharides occurred in the media of these cases. The changes were degenerative in nature and the result of hypertension or operation. They postulated that the effect of alteration in mucopolysaccharide component of the vessel wall may lead to restenosis by altering the dynamic behaviour of the vessel.
Persistent hypertension without evidence of recoarctation has previously been reported (Maron et al., 1973; Shinebourne et al., 1976) . Hypertension without recoarctation or renal pathology has occurred in 2 patients from group 1 and 8 from group 2. The lower limb blood pressures in these patients are raised in contrast to those with recoarctation. These findings are similar to those described by Shinebourne et al. (1976) . It seens likely that there is an abnormality of the renin-angiotensin system. We recommend that elective resection of coarctation of the aorta be performed at the age of 1 year, when the incidence of recoarctation and mortality of the operation is low (Fig. 1) Tawes et al. (1969) have suggested that the coronary arteries, in patients with coarctation of the aorta, are frequently abnormal. It is thus likely that persistent hypertension with abnormal coronary blood flow may contribute significantly to premature death from ischaemic heart disease. 
